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NOMENCLATURES 


Pd  Dust  Density 

o  Maximum  Dust  Particle  Diameter 

ma  x 

h  Altitude 

o/a  Normalized  Particle  Diameter 

max 

pice  Ice  Density 

a  Equivalent  Ice  Sphere  Diameter 

a  Angle  of  Attack 

V  Velocity  (Missile) 

t  Time 

R,Rad  Nose  Radius 

CN  Erosion  Parameter 

<j|  Impact  Incidence  Angle 

AS  Surface  Recession 


Units 

gm/M^ 

mm 

km ,kf t 

gm/M^ 

mm 

deg 

cm/sec 

seconds 

inches 

joules/gm 

deg 

_3 

10  inches 


Drag  Coefficient 

Mach  Number 

Number  of  Particles 

Cross-section  for  Backscatter 

Clean-Air  Backscatter  Coefficient 

Received  Power  ( Backscatter ing  from  Particles) 

Receiver  Power  (Backscatter ing  in  Clean  Air) 

2 

Mass  Removed  per  Unit  Area  gm/cm 

3 

Eroded  Material  Density  gm/cm 

Erosion  Parameter  joule/gm 

Flight  Path  Length  through  Eroding  cm 

Particles 
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SECTION  1 


SUMMARY 

A  system  analysis  feasibility  investigation  was  undertaken 
to  evaluate  the  potential  of  an  in-situ,  real-time  measurement 
system  of  the  dust/pebble  environment  in  the  vicinity  of  an 
advanced  missile  field  when  under  attack.  These  sensor(s)  are 
to  provide  two  discrete  information  bits:  a  time  integrated 
value  for  dust  density  and  a  time  variable  maximum  particle  size 
with  altitude.  These  data  are  to  be  used  to  determine  if  the 
dust/pebble  environment  has  become  tenuous  enough  for  missile 
flyout.  A  matrix  of  similar  sensor  type/sensor  location  combi¬ 
nations  were  investigated  resulting  in  three  combinations  being 
recommended  for  further  consideration. 
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SECTION  2 


INTRODUCTION 


Current  specifications  for  the  development  of  an  advanced 
land  based  ICBM  specify  a  series  of  erosive  environments  in  which 
the  missile  must  survive  during  launch  operations.  While  a 
reasonable  expectation  exists  that  design  hardening  of  the  missile 
will  be  accomplished  to  meet  these  requirements,  the  specifications 
as  given,  are  not  time  or  space  variant,  thus  do  not  provide 
guidance  regarding  launch  window  timing.^  This  required  launch 
information  is  available  currently  by  predictive  techniques,  such 
as  hydrocode  or  analytical  models  which  show  potentially  unaccept¬ 
ably  large  uncertainties  in  initial  launch  time  sure-safe  conditions. 
Moreover,  our  attempts  to  validate  predictive  models  are  hampered  by 
a  seeming  myriad  of  variables  such  as,  the  extrapolation  of  un¬ 
certainties  of  H.E.  test  results  to  nuclear  conditions,  effects 
of  soil  types,  initial  conditions  of  the  calculations  and  natural 
effects  such  as  winds. 

These  uncertainties  are  so  critical  to  the  sure-safe  operation 
of  the  missile  during  its  launch  phase  that  they  cannot  be  toler¬ 
ated.  An  alternative  approach  investigated  here  is  the  feasibility 
of  an  in-situ  sensor  system  (designated  FREE  -  Field  Remote  Envi¬ 
ronment  Evaluation)  located  in  the  missile  launch  field  to  provide 
real-time  interrogation  of  the  erosive  environment  during  attack  or 
post-attack  conditions.  The  immediate  improvement  over  the  current 
approach  is  apparent;  i.e.,  the  effects  of  soil  type,  initial 
conditions,  winds,  natural  water  and  ice  clouds  and  extrapolation 
of  H.E.  data  to  nuclear  conditions  no  longer  perturb  launch  window 
determination  in  an  unknown  manner.  The  major  open  issue  is  the 
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development  of  the  concept,  utilizing  the  appropriate  sensor(s) 
to  provide  sufficient  specification  go/no-go  information.  This 
data  is  total  integrated  mass  and  maximum  particle  size  data  in 
a  time-space  reference.  The  key  elements  of  this  concept  are 
the  determination  of  the  appropriate  sensor(s),  their  numbers 
and  cost,  requirements  and  advantage/disadvantage  comparisons 
with  current  predictive  approaches. 


SECTION  3 


BACKGROUND 

The  FREE  sensor  concept  is  intended  to  provide  an  erosion/ 
penetration  environment  in-situ  interrogation  system  which 
provides  real-time  measurements  of  mass  and  particle  size 
parameters  so  as  to  preclude  the  necessity  of  relying  on  pre¬ 
dictive  methods  for  launch  window  determinations.  Typical 
specifications  require  delayed  launch  based  upon  prediction 
of  decay  in  the  erosion/penetration  environment  to  an  acceptable 
level  (Figure  3-1).  The  environment  is  not  sampled  and  the 
timing  of  the  predicted  launch  window  is  possibly  uncertain  to 
within  5  to  10  minutes.  Moreover,  it  can  be  expected  that  in  a 
real  attack,  multiple  burst  cloud  interaction  will  be  present. 
While  some  visibility  into  this  effect  is  obtainable  (and  being 
pursued)  with  H.E.  experiments,  extrapolation  to  the  nuclear  case 
is  questionable  due  to  the  gross  scaling  of  parameters;  thus,  in 
lieu  of  a  real  time  measurement,  confident  predictions  for  launch 
are  questionable. 

In  addition  to  the  former  points  for  a  FREE  sensor,  the 
concept  is  viable  regardless  of  the  basing  mode  chosen  for  the 
advanced  missile  since  the  sensor  units  could  be  located  in  a 
grid  form  to  provide  a  space-time  picture  of  the  post-burst  en¬ 
vironment  for  comparison  with  flyout  threshold  specifications. 

If  desired,  these  data  could  be  used  to  extrapolate  to  later 
times  for  pre-launch  countdown  initiation.  In  general,  the  need 
for  a  real  time  measurement  can  be  summarized  as  shown  in  Figure 
3-2.  Basically,  employment  of  this  system  would  minimize  the 
unknowns  found  in  the  predictive  method. 
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ust  environment  schematic 


LAUNCH  SPECIFICATIONS 


•  requires  survivability  in  flyout  through  erosive 
environment 

•  depends  upon  environment  predictions  to  initiate 
launch 

erosive 

pebble 

NUCLEAR  EROSION/PEBBLE  ENVIRONMENTS  UNCERTAIN 

•  modeling  of  space-time  history  is  not  satisfactory 
for  sure-safe  launch  window  determination  due  to 

attack  scenarios 
uncertainty  in  models 

•  modeling  will  not  include  effect  of  ambient  conditions 

•  modeling  check-out  via  H.E.  testing  is  not  likely 
to  satisfy  questions  of  scaling  to  large  nuclear 
events  either  for: 

single-burst 

multi-burst 

FREE  SENSOR  PROGRAM  WOULD  MINIMIZE  ALL  OF  THESE  UNKNOWNS 


Figure  3-2.  Why  develop  the  FREE  concept 
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Several  sensor  types  can  be  viewed  as  candidates  to  inter¬ 
rogate  the  post-attack  environment  (i.e.,  rocket,  mortar,  laser, 
etc.),  however,  the  key  points  to  address  are: 

1)  Technical  Feasibility 

2)  Survivability 

3)  Operational  Concept 

4 )  Cos  t 

5)  Maintainability 


Without  regard  to  sensor  types  (i.e.,  radar  or  rocket), 
points  (1)  and  (2)  are  addressed  in  terms  of  the  capability  of 
the  FREE  units.  It  only  requires  that  each  element  of  a  sensor 
grid  measure  and  provide  to  launch  control  the  total  integrated 
mass  and  maximum  particle  size  to  be  intercepted  by  the  missile 
during  the  boost  phase  (Figure  3-3).  If  these  parameters  exceed 
the  threshold  design  sure-safe  level,  additional  interrogation 
would  be  made  in  a  time  sequence  until  a  partial  or  full  launch 
field  window  was  present  or  available  from  extrapolation  of 
apparent  environmental  decay  measurements.  The  numerics  of 
the  deployment  (number  of  units)  and  the  geometry  desired  of 
the  "grid"  system  may  be  peculiar  to  the  missile-basing  concept, 
thus  are  part  of  the  suggested  concept  development  program.  A 
pictorial  of  the  sensor  layout  is  shown  in  Figure  3-4  for  the 
multiple  aimpoint  (MAP)  concept,  while  Figure  3-5  indicates 
key  parameters  for  determining  how  many  units  will  be  needed. 


MEASURE  AND  REPORT 


total  integrated  mass 
(or  a  threshold  ratio) 

maximum  particle  size 
(or  a  threshold  ratio) 


' 

>  to  ensure  safe  flyout 

> 


SENSOR  UNITS  IN  LAUNCH  FIELD  TO: 

•  provide  multiple  point  measurements 

•  map  launch  area 

•  provide  data  for  space/time  extrapo 

lation 

•  give  a  final  pre-launch  sampling 


Figure  3-3.  Develop  a  field  of  in-situ  erosion/ 
pebble  environment  sensors 
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•  DETERMINE  BY  GRANUALARITY  OF  GRID  DESIRED 

(upper  limit  -  one  per  launcher) 

•  DETERMINE  BY  SAMPLE  VOLUME  AND  SURVIVABILITY 
REQUIREMENTS 

•  DETERMINE  BY  PROGRAM  COST  LIMITATIONS 

•  DETERMINE  BY  ADDITIONAL  C3  COMPLEXITY 


(U)  Figure  3-5.  Sensor  locations. 
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SECTION  4 


CONCEPTS  AND  ANALYSES 

The  FREE  feasibility  investigation  program  consists  of 
eight  tasks  as  defined  in  the  Statement  of  Work.  These  tasks 
(identified  below)  and  the  analysis  associated  with  each  element 
are  discussed  in  this  section.  Tasks  1,  6,  7  and  8  are  considered 
in  the  greatest  detail  (Task  8  comprises  the  basic  summation  and 
is  the  basis  for  Section  5  -  Results).  Tasks  2-5  are  more  con¬ 
ceptual  in  nature  at  this  time  in  the  advanced  missile  development, 
thus  are  treated  in  less  detail. 

Tasks: 

1)  Define  Advantage  to  Missile  Survivability 

2)  Operations 

3)  Cost 

3 

4)  C  Requirements 

5)  System  Layout  Scenario 

6)  Nominal  Radar  Requirement 

7)  Evaluate  Alternate  Sensors 

8)  Compare  Detector  (Sensor)  Options 

Details  of  each  task  follows. 


Task  1  -  Define  Advantages  to  Missile  Survivabil it] 


Current  advanced  missile  specification  for  launch  under 
attack  mode  include  dust  and  ice  nuclear-induced  environments. 

These  environments,  taken  from  an  advanced  missile  specification 
document1,  are  neither  time  nor  space  variant  thus  no  understanding 
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of  the  expected  launch  window  condition  is  available.  The 
specification  data  show  the  variation  with  altitude  of  dust 
density  in  grams/cm^  and  maximum  dust  particle  diameter  in 
centimeters.  Upper  limits  are  nominally  a  few  gm/cm^  and 
several  cm  diameter.  Dust  particle  size  distribution  function 
adapted  for  the  specification  is  also  specified.  Similarly, 
the  nuclear-induced  ice  environment  altitude-density  profile 
and  the  ice  particle  distribution  function  is  prescribed. 

The  key  issue,  however,  is  the  hold  time  required  for  an 
advanced  missile  before  launch  survivability  can  be  guaranteed. 
Currently,  given  that  it  is  designed  to  meet  the  specification, 
the  launch  window  is  based  upon  a  prediction  of  expected  environ¬ 
mental  decay  unsubstantiated  by  any  nuclear  test  data.  The 
environment  is  not  sampled  and  the  timing  of  the  predicted  launch 
window  is  possibly  uncertain  to  within  5  to  10  minutes.  Moreover, 
it  can  be  expected  that  in  a  real  attack  multiple  burst  cloud 
interaction  will  be  present.  While  some  visibility  into  this 
effect  is  obtainable  (and  being  pursued)  with  H.E.  experiments, 
extrapolation  to  the  nuclear  case  is  questionable  due  to  the 
gross  scaling  of  parameters;  thus,  in  lieu  of  a  real  time  meas¬ 
urement,  confident  predictions  for  launch  times  are  questionable. 

The  FREE  concept  is  viable  regardless  of  the  basing  mode 
chosen  for  the  advanced  missile  since  the  sensor  units  could 
be  located  in  a  grid  form  to  provide  a  space-time  map  of  the 
post-burst  environment  for  comparison  with  flyout  threshold 
specifications.  If  desired,  these  data  could  be  used  to  extrapo¬ 
late  to  later  times  for  pre-launch  countdown  initiation.  In 
general,  the  requirements  for  a  real  time  measurement  can  be 
summarized  as  shown  previously  in  Figure  3-2.  Basically, 


employment  of  this  system  would  minimize  the  unknowns  found  in 
the  predictive  method.  This  would  be  accomplished  by  providing 
a  field  of  in-situ  sensors  to  monitor  the  airborne  particulate 
environment.  The  data  requirements  would  be: 

o  Measure  and  Report  to  the  Launch  Control  Center  (LCC) 

total  integrated  dust  mass 
{or  a  threshold  ratio) 

maximum  pebble  particle  size 
(or  a  threshold  ratio) 

o  Sensor  Units  in  the  Launch  Field  to: 

provide  multiple  point  measurements 
map  launch  area 

provide  data  for  space/time  extrapo¬ 
lation 

give  a  final  pre-launch  sampling 


Task  2  -  Operations 

This  task  has  been  combined  with  Task  4  due  to  several 
common  elements. 

Task  3  -  Cost 


Subsequent  to  the  establishment  of  technical  feasibility, 
a  detailed  study  of  candidate  sensor  system  costs  must  be  under¬ 
taken.  At  this  stage  of  investigation,  only  a  first-order 
estimate  of  cost  is  made.  It  is  based  upon  a  ground  based 
radar  which  is  one  of  the  viable  candidate  sensors  selected 
from  the  study. 
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A  key  element  in  establishment  of  the  FREE  sensor  as  a 
viable  concept  is  its  cost  relative  to  missile  total  deployment 
dollars.  Clearly  some  threshold  value,  perhaps  a  fraction  of  a 
percent  of  total  cost,  could  be  established  which  dictates  con¬ 
tinuation  or  abandonment  of  this  concept.  The  cost  will  be 
viewed  in  terms  of  how  important  it  is  to  gain  a  few  minutes 
in  launch  window  as  well  as  the  confidence  of  sure-safe  launch 
conditions . 

If,  for  example,  a  ground  rule  of  0.5-1%  of  total  system 
development  and  deployment  cost  is  acceptable,  the  scaled  costs 
per  launcher  (or  per  sensor)  would  be  0.5-1  million  dollars*. 

With  this  level  of  possible  funding**,  identification  of 
elements  of  sensor  costs  are  required.  These  elements  are: 

1)  Sensor  Unit  Costs 

2)  Site  Installation 

A  cursory  investigation  indicates  that  sensor  unit  cost  may 
approach  $0.25-0.5  million  each,  depending  on  radar  type.  For 
specific  radar  configuration,  details  of  the  cost  have  to  be 
determined. 

Site  requirements  and  installation  costs  have  been  con¬ 
sidered  briefly  and  are  given  here. 


*  Based  on  20  billion  for  the  system. 

**  Note  again  that  this  is  one  sensor  per  launcher.  Actual 
number  could  be  many  less  than  this  (perhaps  as  low  as  20). 


Goals  of  the  program  would  include  that  the  site  be: 


1)  a  simple  structure 

2)  be  blast  hardened,  at  least  at  the  level  of 
missile  ground  basing  facilities 

3)  be  self  contained. 

The  installation  is  envisioned  as  an  underground  concrete 
structure.  Radar  access  to  the  outside  environment  would 
utilize  a  dielectric  window,  possibly  in  conjunction  with  a 
blast  door.  Seismic  detection  could  be  used  to  activate 
opening  of  such  a  blast  door.  The  unit  would  be  self  contained 
having  its  own  necessary  power,  heating,  ventilation,  and 
plumbing  system.  If  no  blast  door  is  used,  the  dielectric 
window  must  act  in  that  capacity. 

An  underground  room  of  an  approximate  1 0x1 0x1 0-foot  size 
would  house  the  FREE  sensor  system.  Since  the  system  could 
be  installed  at  the  same  time  as  the  missile  silo  system,  the 
added  expense  of  remote  area  construction  should  be  avoidable 
as  the  missile  site  construction  capability  would  be  utilized. 

The  concrete  structure  would  be  built  to  U.S.  Army  Corps  of 
Engineers'  standards  for  blast  hardening  (probably  requiring  walls 
with  double  curtain  reinforcement  steel).  The  radar  window  could 
be  a  conically  shaped  dielectric  material  such  as  a  high  strength 
fiberglass.  A  conical  shape  would  provide  strength  and  would 
also  be  self  cleaning  to  falling  or  flying  debris. 

The  system  would  ordinarily  be  powered  by  the  main  missile 
complex  power  system.  The  FREE  sensor  would,  however,  have  its 
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own  diesel-powered  generator  which  would  operate  in  the  event 
the  main  power  system  should  fail.  The  consideration  of  an 
optional  solar  powered  backup  system  could  also  be  made  to 
provide  stored  power  reserve. 


A  "rough-order-of-magnitude"  (ROM)  cost  for  the  installation 
of  a  prototype  system  might  be  as  follows  (includes  burdens): 


Manpower 

Engineering  3  man-months 

Tech  "A”  6  man-months 

Construction  Subcontracts 

Excavation  &  Backfill 
Concrete  Construction 
Electrical/Mechanical  Systems 
Power  Generation 
Water  System 

Blast  Door  -  Option  1 

Construction  Costs 

Solar  Powered  Backup  System  -  Option  2 

Construction  Costs 

Total  System  Installation  Costs 

With  Option  1 
With  Option  2 


($47,000) 

21,000 

26,000 

($48,000) 

2,500 

21,000 

2.500 
14,500 

9.500 

($25,000) 

25,000 

($24,000) 

24,000 

($95,000) 

$120,000 

$119,000 


Task  4  -  C3  Requirements  (also  Task  2  -  Operations) 

3 

A  quick  look  at  C  suggests  that  the  information  to  be 
provided  by  FREE  should  cause  minimal  perturbation  on  the  total 
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information  system  requirement.  Figure  4-1  shows  a  pictorial  of 
the  information  path  required.  The  goal  will  be  to  provide  the 
environment  information  in  as  timely  and  simple  a  manner  as  pos¬ 
sible  for  rapid  decision  making.  It  is  visualized  currently 
that  the  needed  data  can  be  supplied  in  pictorial  grid  of  sensor 
points  within  the  missile  field  in  which  a  color  coded  readout 
is  provided  as  a  go/no-go  indicator.  Further  investigation  is 
needed,  however,  based  upon  number  of  sensors,  airborne  or  ground 
located  launch  control  position  and  whether  backup  data  readout 
is  required  at  each  launch  point  for  autonomy. 

Task  5  -  System  Layout  Scenario 

The  physical  layout  of  the  system  chosen  is  dependent  upon 
specific  basing  options,  unit  costs,  number  of  units  and  the 
granularity  of  the  spatial  data  required.  A  simple  schematic 
is  shown  for  a  silo  concept  in  Figure  4-2.  At  the  outset  of 
this  investigation,  this  task  was  included  as  a  quick-look 
effort;  however,  the  status  of  basing  concepts  has  been  so 
fluid  as  to  preclude  even  a  meaningful  quick  look  comparison 
effort.  Furthermore,  details  of  the  layout  are  partially 
driven  by  expected  threat  RV  laydown  patterns  which  will  be 
defined  when  basing  concepts  are  finalized.  Since  these  key 
elements  are  still  uncertain,  the  task  remains  incomplete. 

Task  6  -  Nominal  Radar  Requirement 

The  primary  sensor  candidate  which  offers  the  greatest 
promise  is  some  form  of  radar  interrogation  system.  The  attrac¬ 
tiveness  of  these  systems  are  their  fixed  position  as  opposed 
to  "active"  (i.e.,  rocket)  systems  and  the  state-of-the-art  in 


Field  layout  example  (silo  concept) 


calibration  understanding  provided  by  their  use  in  weather 
measurements  and  H.E.  dust  tests.  In  addition,  further  simplicity 
is  envisioned  here  since  fixed,  non-tracking  radars  could  be 
employed  to  simplify  the  hardening  problems. 

Calculations  have  been  made  to  investigate  which  radar 
types  are  reasonable  candidates;  namely,  doppler,  bi-static  and 
pulse-doppler .  All  systems  appear  to  offer  some  desirable 
characteristics  peculiar  to  their  design,  however,  pulse-doppler 
may  be  the  most  desirable  candidate  from  a  viewpoint  of  simpli¬ 
city,  vulnerability  and  cost  consideration.  A  series  of  figures 
is  included  showing  the  range  of  characteristics  that  may  be 
needed.  In  Figures  4-3  and  4-4,  pulse  radar  characteristics 
are  shown  which  could  supply  the  information  desired.*  Trade¬ 
offs  for  antenna  size  and  peak  power  are  shown  in  Figure  4-5. 
Figure  4-6  shows  a  pictorial  of  how  the  unit  might  be  setup  in 
a  subsurface  field  location. 

A  bi-static  radar  with  a  synchronous  satellite  as  receiver 
is  shown  in  Figures  4-7  and  4-8.  Calculations  indicate  that 
antenna  size  and  beamwidth  present  engineering  problems  much 
greater  than  the  pulsed  radar  concept. 

Basic  doppler  radar  characteristics  which  bear  on  the  dust 
measurement  issue  are  given  in  Figure  4-9.  The  advantage  over 
pulsed  radar  lies  in  the  particle  velocity  measurement  ability 
and  lower  peak  to  average  power  ratios  needed.  However,  multiple 
range  interval  resolution  is  needed.  in  addition,  test  data  on 


*  Based  on  missile  dust  specification  (Reference  1) 
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Figure  4-3.  Pulse  radar 


FREQUENCY  -  3  GHZ  (S-BAND) 
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igure  4-4.  Example  pulse  radar  characteristics 


Figure  4-5.  Dust  sensor  pulse  radar  tradeoffs. 


ATTENUATION  MEASUREMENTS  LIMITED  TO  -40°  LOOK  ANGLE  WITH  RESPECT  TO 
HORIZON.  (SYNCHRONOUS  SATELLITE  LIMITED  TO  EQUATORIAL  ORBITS). 
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Figure  4-8.  Satellite  based  receiver,  land  based  transmitter. 
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Figure  4-9.  Doppler  radar. 


shroud  erosion  and  pebble  penetration  shows  a  preponderance  of 

penetration-related  effects  indicating  that  the  doppler  measure 

2 

ment  element  is  a  high  priority. 

The  combined  pulse-doppler  radar  characteristics  are  given 
in  Figure  4-10.  Based  upon  the  first-order  analysis  comparison 
this  appears  to  be  the  best  overall  radar  system  to  consider. 

Task  7  -  Evaluate  Alternate  Sensors 


The  potential  sensor  systems  identified  as  possible  alter¬ 
natives  to  the  radar  were: 

o  OPTICAL  (i.e.,  LIDAR) 

o  DIRECT  EROSION  MEASUREMENT  (Rocket  Probe) 

o  DIRECT  CLOUD  MICROPHYSICS  MEASUREMENT 
o  FALLOUT 

o  ADVANCED  BOOSTER 

All  of  these  systems  in  some  manner  can  be  judged  capable  of 
providing  the  needed  data.  However,  key  elements  that  must 
be  present  for  any  concept  are: 

1)  Timeliness  -  If  the  sensor  cannot  produce  the 
needed  information  in  a  real-time  frame  and 
thus  reduce  the  launch  hold  period  compared  to 
analytical  prediction  ,  it  fails  to  meet  the 
system  needs. 

2)  Missile  Launcher  Survivability  -  If  the  sensor 
concept  in  anyway  reduces  the  number  of  opera¬ 
tionally  survivable  advanced  missiles,  it  is 
unacceptable . 


32 


i 


i 

f 


I 

I 


<c 


QZ 

1 

LU 

>- 

2 

LlJ 

LU 

2 

<C 

_ 1 

LU 

_ 1 

QZ 

1 — 

CQ 

LU 

1 — 

CL. 

CD 

CD 

<C 

CQ 

~z 

Q_ 

CO 

ad 

zz 

CQ 

<c 

CD 

<c 

CD 

<3: 

O 

-J 

CD 

CD 

LU 

LU¬ 

QZ 

_ 1 

CD 

h— 

5: 

LU 

Q_ 

*— « 

LU 

2 

LU 

CD 

2 

>- 

> — < 

LU 

1 — 

ZZ 

_ 1 

LU 

h- 

CD 

<c 

LU 

LU 

_ 1 

2 

CD 

CO 

CD 

CO 

CD 

QZ 

♦— « 

CD 

QZ 

CD 

h— 

I — 

2 

o 

ZD 

CO 

LU 

<£ 

CD 

2 

■ — i 

LU 

i — 

1— 

LU 

LL_ 

2 

2 

_ l 

CD 

_ 1 

Q_ 

*-— * 

CD 

LU 

CO 

LU 

• — « 

cu 

51 

LU 

1 — 

ZD 

Cd 

►— « 

LU 

> 

CO 

5: 

CD 

ZD 

_ 1 

I — 

ZC 

h- 

2 

2 

<c 

CD 

CD 

< 

< 

>- 

h— 

CO 

1 — 

CD 

* — « 

H — 

CD 

o 

2 

cx_ 

CD 

LU 

2 

— I 

ZZ 

h- 

CJ 

CD 

<c 

_ 1 

ZD 

1 — 

CD 

1 — 

LU 

ZD 

2 

<c 

2 

LU 

. — * 

ZD 

CQ 

_ 1 

LlJ 

2 

LU 

I— 

CO 

DC 

oz 

CD 

< 

CD 

CD 

CD 

_ 1 

•— « 

LU 

LU 

51 

( — 

CO 

• — i 

< 

CQ 

<c 

LU 

Dc 

QZ 

LU 

o 

f — 

1 — 

DQ 

' — • 

_ 1 

Od 

CO 

O 

LL_ 

\ — 

h“ 

zz 

QZ 

• — < 

CO 

<r 

<c 

_ 1 

CO 

LU 

CD 

CD 

CO 

zx: 

LU 

LU 

>- 

LU 

5: 

2 

CD 

H— 

CD 

2 

h— 

Cd 

LU 

_ 1 

CO 

2 

LU 

\ — 

o_ 

1 - 

CD 

nz 

CQ 

f— 

-U 

CD 

2 

• — • 

LU 

h- 

CD 

UJ 

OQ 

LU 

CD 

f— 

3: 

CD 

J — 

2 

LU 

CD 

*— < 

• — • 

CD 

h- 

CO 

• — • 

O 

QZ 

LU 

*— • 

h- 

2 

LU 

<X. 

CO 

LU 

CD 

> 

CD 

CO 

Cd 

— -t 

rvj 

<t 

CO 

LU 

CD 

CQ 

LU 

ZD 

Q 

* — • 

zz 

LU 

CD 

CD 

> 

QZ 

• — • 

Zzd 

f — ' 

<=c 

CO 

o 

CO 

CD 

<C 

Q_ 

CD 

Q_ 

oz 

<C 

LU 

UJ 

* — 1 

LU 

O 

h— 

QZ 

> — 

5= 

Cd 

o; 

LU 

1 — 

QZ 

QZ 

2 

2 

Cl. 

>- 

CO 

CL. 

_ 1 

< 

►— -« 

Q_ 

LU 

CD 

<C 

* — ‘ 

2 

— 1 

oo 

CD 

ZD 

ZD 

CD 

>—• 

2 

5i 

CD 

O 

<C 

• — < 

2 

C 3 

— 1 

QZ 

2 

►— « 

2 

s: 

h— 

LU 

LU 

LU 

CD 

<c 

LU 

1 — 

CD 

Cd 

h— “ 

Cd 

2 

Q_ 

LU 

h— 

r-vj 

ID 

*— 4 

LU 

<c 

h— 

CD 

2 

QZ 

<C 

*— • 

— 1 

CO 

CQ 

Cl. 

< 

Cd 

*— • 

LU 

) — 

<£ 

CD 

CO 

CD 

<c 

CO 

CD 

CD 

CO 

2 

CD 

QZ 

>- 

<C 

LU 

LU 

•— « 

<c 

CD 

<C 

CQ 

OZ 

1 — 

_ 1 

QZ 

QZ 

LU 

-J 

*—4 

CD 

LU 

• 

m 

• 

f-— • 

>- 

QZ 

CD 

CO 

LU 

CD 

QZ 

— 1 

UJ 

CD 

1 — 

CD 

2 

LU 

CD 

i— « 

— 1 

_ 1 

Cd 

ZZ 

zz 

<£ 

—1 

i— i 

i — 

QZ 

O- 

LU 

<C 

LU 

<c 

2 

Q- 

1 — 

zz 

O- 

2 

> 

Q_ 

SZ 

OZ 

CD 

Q- 

CO 

UJ 

51 

CD 

CD 

O 

*—» 

CO 

*— • 

CD 

>  ■< 

CD 

zc 

LU 

QZ 

f— 

D_ 

Cd 

Q_ 

LU 

<c 

LU 

O 

CL¬ 

CO 

ST 

• 

m 

CO 

CO 

UJ 

2 

51 

_ 1 

QC 

— J 

QZ 

LU 

LU 

=o 

O 

ZD 

UJ 

> 

Q_ 

Li- 

CL. 

QZ 

>— 

i— i 

CO 

2 

O 

CD 

QZ 

>- 

<C 

•— * 

<C 

51 

2 

CD 

CO 

33 


Figure  4-10.  Pulse  -  Doppler  radar. 


With  these  two  requirements  in  mind,  the  acceptability  of  alter¬ 
nate  sensors  is  discussed. 


o  Optical 

The  use  of  optical  systems  such  as  light  detection 
and  ranging  (LIDAR)  and  infrared  techniques  were 
investigated  briefly  to  judge  their  utility  to 
providing  the  data  required  for  the  FREE  system. 
Some  success  '  has  been  achieved  on  past  programs 
with  these  systems  to  provide  the  total  number  of 
particles  in  an  effective  scattering  volume  based 
upon  the  general  relationship: 


H'A'eff 

c 


Pa 


where 


P 

a 


number  of  particles 

cross-section  for  backscatter 

clean-air  backscatter  coefficient 

received  power  (backscattering  from 
particles ) 

received  power  (backscattering  in 
clean  air) 


This  relationship  is  generally  viewed  as  a  summation 

of  individual  "LIDAR"  products  (£n  C  )  for 

ci  ci  eff 

discrete  particle  size  ranges  such  that 


(Y.  N  C  ) 

' *-*c  c  c  eff 


N  C  +  N 
Ci  Ci 


C2  C2 


Results  from  various  experiments  and  test  programs 
have  shown  that  at  the  wavelengths  used  in  the  optical 
range  (i.e.,  1  -20  urn)  that  an  adjunct  system  is 

highly  desirable  to  provide  discrete  values  for  the 
Cc  factors.  The  implication  is  that  using  an  overall 


effective  Cc  over  the  entire  distribution  is  un¬ 
desirable  for  accuracy.  Furthermore  for  very  dense 
clouds,  which  are  typical  of  early  time  dust  volumes, 
extinction  of  the  optical  beam  is  probable  for  times 
longer  than  acceptable  for  launch  window  predictions. 
Finally,  explicit  maximum  particle  size  determination, 
the  key  parameter,  is  not  provided  by  this  technique, 
thus  utilized  independently  the  system  cannot  provide 
timely  data. 


o 


Direct  Erosion  Measurement  (Rocket  Probe) 


This  concept 

appears  to  provide  a  system  potentially 

competitive  to  the  radar  system  in  providing  useful 

go/no-go 

data 

for  launch  window  determinations. 

In 

principle 

the 

rocket  can  provide: 

total  integrated  mass  through  a 
vertical  sample  volume  or  over  a 
designated  flight  path 

“ 

maximum  particle  sizes  within  the 
flyout  corridor 

The  data 

are 

obtained  as  represented  by  a  simple 

CN 

model* 

m 

=  2 

2CX  V  X 

N 

where  m 

= 

2 

mass  removed  per  unit  area,  gm/cm 

P 

= 

•  3 

eroded  material  density,  gm/cm 

CN 

= 

erosion  parameter,  joule/gm 

V 

= 

impact  velocity,  cm/sec 

X 

= 

flight  path  length  through  eroding 
particles,  cm 

♦Practically  a  multiparameter  model  would  be  needed  for  more 
accurate  representation;  however,  the  data  readout  to  the  LCC 
would  still  be  a  go/no-go  color  code. 
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This  measurement  is  one  step  removed  from  the  speci¬ 
fied  environment  but  probably  correlatable  with 
acceptable  accuracy.  The  concept  is  relatively  cheap 
as  well  as  potentially  invulnerable  to  nuclear  effects. 
Rocket  probes  could  be  designed  to  simulate  actual 
advanced  missile  erosion  and  penetration  thresholds; 
however,  information  retrieval  would  need  to  be 
demonstrated. 

o  Direct  Cloud  Microphysics  Measurement  (i.e., 

Knollenberg  Probes) 

In  general  these  systems  are  too  slow.  In  addition, 
they  would  require  many  units  that  are  expensive 
and  vulnerable  to  loss  as  in  the  case  of  remotely 
piloted  vehicle  (RPV)  flythrough.  Considerable 
development  would  be  required  to  eliminate  these 
debits.  They  could,  however,  provide  detailed 
environmental  data. 

o  Fallout  (Collection) 

This  concept  is  clearly  the  cheapest  and  simplest, 
but  suffers  dramatically  from  never  being  in  the 
flyout  altitude  corridor.  Moreover,  utilization 
is  much  too  slow. 

o  Advanced  Missile 

The  use  of  an  advanced  missile  as  its  own  sensor 
violates  requirement  2  —  depletion  of  advanced 
missile  launchers.  The  implied  expense  is  also 
very  high  if  viewed  in  terms  of  relative  costs. 
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SECTION  5 


RESULTS 

Based  on  the  analysis  in  Section  4,  the  results  of  this 
investigation  seem  most  properly  viewed  as  a  matrix  of  sensors, 
locations  and  system  development  factors  considered  in  the  study 
(Task  8).  Several  arrays  were  considered  resulting  in  two  which 
show  succinctly  those  sensor  applications  amenable  to  the  FREE 
concept,  namely: 

1)  Sensor  vs.  Location 

2)  Sensor  vs.  Figure  of  Merit 

The  relative  figure  of  merit  ratings  were  arbitrarily  picked 
as  excellent,  good,  fair  and  poor.  The  definition  of  the  ranking 
factors,  although  arbitrary,  were  rigorously  adhered  to  in  final 
ranking.  These  definitions  are  given  here. 

1)  Excellent  -  The  system  must  be  able  to  produce  the 
desired  information  without  question,  with  little 
development,  complexity,  risk  or  excessive  cost. 

2)  Good  -  The  system  is  somewhat  less  developed,  more 
complex  or  risky  and/or  more  expensive  than  one 
rated  excellent. 

3)  Fair  -  Potential  for  providing  the  desired  meas¬ 
urement  exists,  however,  is  generally  more  complex 
or  slower  than  the  excellent/good  combinations. 
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4)  Poor  -  Serious  question  exists  for  this  system 
to  provide  timely  accurate  data  input. 

In  order  for  any  system  to  attain  one  of  these  four  merit  ratings, 
a  minimum  of  one  of  the  matrix  elements  was  required  to  possess 
at  least  that  high  a  level  of  merit. 

An  example  of  the  development  of  these  matrices  is  shown  for 
clarity  of  the  final  rating  scheme.  The  six  categories  of  sensors 
are  shown  in  the  left  column  of  Figure  5-1  with  five  potential 
sensor  locations  described  at  the  top  from  left  to  right.  In  this 
matrix  the  goal  was  to  identify  only  those  sensor/location  combi¬ 
nations  which  were  physically  reasonable.  For  example,  clearly 
a  ground  located  radar  (column  1  -  row  1 )  is  a  reasonable  combi¬ 
nation  whereas  a  direct  erosion  measurement  by  rocket  from  a 
satellite  (column  4  -  row  3)  is  unreasonable  from  rocket  size 
requirements  and  complexity.  When  these  considerations  are  given 
to  all  elements  of  the  6x5  matrix,  only  nineteen  combinations 
remained.  These  nineteen,  as  identified  by  the  "X's"  were 
then  investigated  further  regarding  their  applicability  to 
the  FREE  concept. 

Applying  the  previously  discussed  f igure-of-merit  relation¬ 
ships,  the  general  matrix  of  Figure  5-1  was  altered  to  include 
the  relative  ratings  of  the  matrix  elements.  This  is  shown  in 
Figure  5-2.  The  elements  or  sensor/location  combinations  indi¬ 
cated  as  good  to  excellent  are  FREE  candidates.  All  other 
combinations,  for  one  reason  or  another,  rated  fair  to  poor. 

The  excellent  to  good  candidates  were: 
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Figure  5-1.  Environment  detection  options 


SATELLITE 


1 )  radar/ground  based 

2)  radar/airborne 

3)  erosion  measurement  ( rocket ) /ground  based 

The  next  series  of  figures  illustrate  how  the  final  figure- 
of-merit  rankings  were  arrived  at  using  the  ranking  factors  of 
this  investigation.  (The  radar/ground  based  is  used  as  an 
example).  In  Figure  5-3,  the  ranking  factors,  common  to  all 
matrix  elements,  are  shown.  Based  upon  the  results  of  the  analy¬ 
sis  section,  each  of  the  factors  was  evaluated.  While  no 
numerical  rating  was  assigned  to  these  factors,  it  was  reasoned 
that  technical  feasibility  was  preeminent,  therefore  it  is 
listed  first.  If  a  matrix  candidate  received  a  technical 
feasibility  rating  of  less  than  "established",  it  was  viewed 
as  unworthy  of  a  final  excellent  or  good  rating.  Furthermore 
if  a  final  rating  less  than  good  was  assigned,  the  recommendation 
is  that  the  sensor  system  be  dropped  from  further  consideration. 
For  the  radar/ground  located  system  shown  here  (Figure  5-3),  the 
technical  feasibility  has  been  established.  Similarly  the  other 
ranking  factors  —  survivability,  operational  concept,  risk  and 
cost  --  are  shown. 

From  Figures  5-4  through  5-8,  additional  specific  summations 
of  the  ranking  factors  are  given  based  on  the  analysis  of  Section 
4.  These  points,  for  each  ranking  factor,  lead  to  the  single 
judgment  shown  on  Figure  5-3  and  hence  a  general  ranking  as 
shown  in  Figure  5-2,  the  environment  detection  option  matrix. 

In  this  case,  the  radar/ground  based  option  was  excellent  —  the 
only  option  with  that  rating. 

Finally,  one  additional  option  matrix  layout  is  shown  where 
the  sensor  is  rated  against  the  figure  of  merit  (Figure  5-9). 
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technique/ location 


Radar  (S-Band  with  Doppler)/ 
Ground  Collocated  or  Ground  Remote 


RANKING  FACTORS 


1.  TECHNICAL  FEASIBILITY 

Estab lished 

2.  SURVIVABILITY 

As  good  as  missile  and/or  LCC 

3 .  OPERATIONAL  CONCEPT 

Simple 

4.  RISK 

Low 

5 .  COST 


Low  (<1.0%  of  total  system  cost  for 
200  units) 


Figure  5-3.  EDO  (Environment  Detection  Options). 
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CAN  IT  MEASURE  THE  PARAMETERS  OF  INTEREST? 

Yes  1.  Total  integrated  mass 

2.  Maximum  particle  size 


HOW  ACCURATELY? 

Factor  of  two  (particle  size) 
+100%  (integrated  density) 


STATISTICAL  REPRESENTIVITY  OF  SAMPLE  VOLUME? 

1)  High  -  for  beam  widths  on  order  of  <1° 

2)  Reduced  to  low  for  large  beam  widths  >>1° 


Figure  5-4.  Technical  feasibility. 
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MUST  THE  SYSTEM  BE  HARDENED? 


Yes 


HOW  HARD? 

Level  of  missile  shelter  or  LCC 


COST  TO  HARDEN? 

Low  -  if  collocated 


Figure  5-5.  Survivability. 
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WHAT  DOES  IT  LOOK  LIKE? 


Fixed  Vertical  Looking/No  Tracking  Required 


OUTPUT? 

1.  Max.  Particle  Size  with  Altitude 

2.  Integrated  Total  Mass  in  Sample  Volume 


HOW  TO  COMMUNICATE? 

Ground  link  to  LCCs  from  remote  locations 
(or  from  missile  locations) 

or  collocated  with  LCCs 


COMPLEXITY? 


Minimal  -  will  provide 

1  .  Go 
2 .  No  Go 

Indicator  to  launch  control  center  from 
each  unit 


Figure  5-6.  Operational  concept. 
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OVERALL  RISK? 


Low  ( SOA ) 

FALLBACK  POSITION  FOR  LAUNCH  CLEARANCE? 
Current  calculation 

Figure  5-7.  Risk. 
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HOW  EXPENSIVE  IS  EQUIPMENT? 


Low  (<1.0%  of  total  system  cost  for  200  units) 

LIFE  CYCLE  COSTS? 

To  Be  Determined  { TBD ) 


Figure  5-8.  Cost 


(U)  Figure  5-9.  FREE  figure  of  merit. 


Here  the  matrix  elements  contain  the  sensor  locations.  Also  a 
visual  measure  of  the  acceptable-vs-unacceptable  combination 
is  readily  clear  although  not  detailed  as  to  the  reasoning  for 
the  choices  which  was  previously  disussed  (and  reiterated  again 
in  the  Conclusion  section). 


SECTION  6 


CONCLUSIONS 

A  first-order  system  analysis  investigation  of  a  real-time 
in-situ  sensor  for  measuring  integrated  dust  density  and  maximum 
particle  size  with  altitude  in  an  advanced  missile  field  has 
been  conducted.  Nineteen  combinations  of  sensor  types/sensor 
locations  were  considered  which  resulted  in  three  combinations 
being  indicated  for  further  analysis  and  experimentation.  These 
candidates  are: 

1 )  Radar/ground  based 

2)  Radar/airborne 

3)  Dust  measurement  ( rocket)/ground  based 

Areas  of  investigation  which  were  indicated  for  further 
analysis  are  the  communication,  command  and  control  (C^)  inter¬ 
action  and  time  line  costing.  These  investigations  should  be 
undertaken  within  the  context  of  various  basing  mode  concepts. 
Furthermore,  a  more  detailed  sensitivity  analysis  should  be 
pursued  with  regard  to  the  accuracy  of  the  radar  and  rocket 
measurements  and  the  implication  of  those  uncertainties  on 
the  missile  flyout  time  window. 

As  a  parallel  effort,  an  experimental  measurement  program 
using  large  high  explosive  bursts  (H.E.)  should  be  pursued 
which  demonstrates  compliance  with  any  missile  dust  specification 
questions;  namely,  surface  erosion  and  large  particle  penetration 
of  structural  components.  If  fielding  a  reasonable  missile 
specification  level  dust  field  is  unattainable,  a  demonstration 
of  the  sensor  measurement  ability  must  be  shown  in  conjunction 
with  other  redundant  measuring  systems. 
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McDonnell  Douglas  Corp 
ATTN:  L.  Cohen 
ATTN:  G.  Johnson 


Aeronautical  Rsch  Assoc  of  Princeton,  Inc 
ATTN:  C.  Donaldson 


McDonnell  Douglas  Corp 
ATTN:  M.  Potter 


Aerospace  Corp 

ATTN:  H.  Blaes 
ATTN:  W,  Barry 

Aptek,  Inc 

ATTN:  T.  Meagher 


Pacific-Sierra  Research  Corp 
ATTN:  H.  Brode 

PDA  Engineering 

ATTN:  J.  Dunn 
ATTN:  J.  McDonald 
ATTN:  M.  Sherman 
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DEPARTMENT 

OF  DEFENSE  CONTRACTORS 

Physics  International  Co 

SRI  International 

ATTN:  J.  Shea 

ATTN 

P.  Dolan 

R  &  D  Associates 

Systems,  Science  i  Software,  Inc 

ATTN:  J.  Carpenter 

ATTN:  F.  Field 

ATTN 

G.  Gurtman 

ATTN:  P.  Rausch 

Thiokol  Corp 

ATTN:  P.  Haas 

ATTN 

J.  Hinchman 

Rand  Corp 

ATTN 

W.  Shoun 

ATTN:  R.  Rapp 

TRW  Defense  &  Space  Sys  Group 

ATTN 

A.  Ambrosio 

Rockwell  International  Corp 

ATTN 

A.  Zimmerman 

ATTN:  B.  Schulkin 

ATTN 

T.  Mazzola 

ATTN:  G.  Perroue 

ATTN 

M.  King 

Science  Applications,  Inc 

TRW  Defense  &  Space  Sys  Group 

ATTN:  J.  Stoddard 

ATTN 

W.  Polich 

ATTN 

D.  Glenn 

Science  Applications,  Inc 

ATTN 

P.  Dai 

ATTN:  J.  Cockayne 

ATTN:  W.  Layson 

ATTN 

N.  Guiles 

Science  Applications,  Inc 
ATTN:  J.  Burghart 


